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1
METHOD AND APPARATUS FOR
PERFORMING ANTENNA VIRTUALIZATION
USING POLARIMETRIC ANTENNA IN A
WIRELESS COMMUNICATION SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase of PCT Interna-
tional Application No. PCT/KR2014/001676, filed on Feb.
28, 2014, which claims priority under 35 U.S.C. 119(e) to
U.S. Provisional Application No. 61/830,610, filed on Jun.
3, 2013, all of which are hereby expressly incorporated by
reference into the present application.

TECHNICAL FIELD

The present invention relates to a wireless communication
system, and more particularly, to a method and apparatus for
transmitting a signal using a polarimetric antenna in a
wireless communication system.

BACKGROUND ART

In the present invention, coupling between elements of a
polarimetric antenna is considered. Coupling between
antenna elements changes an antenna radiation pattern,
compared to an ideal antenna radiation pattern. Accordingly,
there is a need for efficiently controlling coupling between
antenna elements. Although studies have recently been
conducted to remove coupling between antennas in a com-
munication system, the present invention is intended to
maximize the amount of information transmitted in a free
space by a transmission antenna array, rather than coupling
itself is removed.

On the assumption that an antenna radiation pattern is
given through pre-measurement, the present invention is
intended to design an efficient antenna virtualization matrix
based on the radiation pattern, in the case where coupling is
reflected in terms of channel capacity.

DISCLOSURE
Technical Problem

An object of the present invention devised to solve the
problem lies on a method and apparatus for transmitting a
signal through a polarimetric antenna in a wireless commu-
nication system.

Another object of the present invention lies on designing
an antenna virtualization matrix that enables transmission of
a maximum amount of information through a polarimetric
antenna.

Technical Solution

The object of the present invention can be achieved by
providing a method for transmitting a signal using a pola-
rimetric antenna to a reception apparatus at a transmission
apparatus in a wireless communication system. The method
includes generating a first matrix using a radiation pattern of
the polarimetric antenna, calculating a second matrix that
maximizes channel capacity, determining an antenna virtu-
alization matrix by Singular Value Decomposition (SVD)
based on the first and second matrices, and transmitting a
signal to the reception apparatus using the antenna virtual-
ization matrix.
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2

In another aspect of the present invention, provided herein
is a transmission apparatus for transmitting a signal using a
polarimetric antenna to a reception apparatus in a wireless
communication system. The transmission apparatus includes
a processor configured to generate a first matrix using a
radiation pattern of the polarimetric antenna, to calculate a
second matrix that maximizes channel capacity, and to
determine an antenna virtualization matrix by SVD based on
the first and second matrices, and a transmission module
configured to transmit a signal to the reception apparatus
using the antenna virtualization matrix.

The first matrix may be

Ju Ik

M=z K)

S Jku

and Jip may be determined by [Equation A],

; [Equation A]

1
= - | E(r)-ut()dQ,
. kzo—pfv (1)1 (1)

bz

where 1=120r, k is the number of waves, 0,, is a singular
value, {E,(r)} is a set of measured radiation patterns, and
u,(1) is a vector field that orthogonalizes a channel sphere S
of the transmission apparatus.

The second matrix may be T=diag{T,, ..., T,,} deter-
y g1l M.
mined by [Equation B],
[Equation B]
kR [ .
= | akRy) + Ry ) =

2n +1 | X

—kRV jnfl(kRv)jn(kRv)], p= 1, 3, e

Ry (n+1 [, )
T3 = 53y |2 KRV + o (Ry)

o KRVt (R " |2wr

anfz( V) -1 ( v)]+ Tl JntkRy) +

2 2n+3 . X
Jar1kRy) - W/n(kRV)/nJrl(kRV) ,p=24 ...,
v

where j,(*) is a spherical Bessel function satisfying

The channel capacity may converge according to [Equa-
tion CJ,

[Equation C]

[e4
- Wlog|1K o WTWK
0

max
K:tr(W*TWK)=P

where K is a covariance matrix of an input signal, N, is
a noise power density, W is a bandwidth of a channel, and
a is a normalized density of reception antennas.
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The antenna virtualization matrix (V=UA) may be deter-
mined by performing SVD by [Equation D],

(W*Tw) - UAU* [Equation D]

Advantageous Effects

According to embodiments of the present invention, a
signal including a maximum amount of information may be
transmitted using a polarimetric antenna in a wireless com-
munication system.

It will be appreciated by persons skilled in the art that the
effects that can be achieved with the present invention are
not limited to what has been particularly described herein-
above and other advantages of the present invention will be
more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

In the drawings:

FIG. 1 illustrates an exemplary distributed channel model;

FIG. 2 illustrates an analysis model for distributed chan-
nels;

FIG. 3 is a graph illustrating radiation resistance values;
and

FIG. 4 illustrates a circuit to which a transmitter with a
polarimetric antenna is simplified.

BEST MODE

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

Before describing the present invention, polarization and
a polarimetric antenna will be described.

Polarization refers to the trace of an electric field drawn
on the plane perpendicular to the direction of travel of
electromagnetic waves.

The polarimetric antenna first introduced in 2001 was
designed in order to maximize the degree of freedom using
polarization. The polarimetric antenna includes co-located
three magnetic dipoles and three electric dipoles. The
degree-of-freedom gain from using the polarimetric antenna
may be 6 at maximum. With three electric dipoles, a
degree-of-freedom gain of 3 may be achieved.

Recently, the degree-of-freedom gain from using a pola-
rimetric antenna array has been analyzed. Particularly, the
analysis reveals that compared to a conventional Uniform
Linear Array (ULA), the polarimetric antenna array achieves
degree-of-freedom gains listed in [Table 1] below.

TABLE 1
Array Geometries
Channel Point Linear Planar Volumetric
Fully-scattered 6 6 4 2
Azimuth- 6 4 2 2
scattered

10

20

30

35

40

45

60

o
o

4

Even though a polarimetric antenna can be modeled
simply in theory, antenna elements are densely arranged and
thus severe coupling may occur between antenna elements
in the polarimetric antenna. As a result, a signal is not
radiated efficiently. To avert this problem, studies are under-
way from various aspects, including design of an antenna
matching network in the field of integrated antenna struc-
tures.

Before describing the present invention, a distributed
channel model will be described below. FIG. 1 illustrates an
exemplary distributed channel model.

Referring to FIG. 1, it is assumed that a Transmission (Tx)
antenna array and a Reception (Rx) antenna array are
integrated in respective spheres V and V. In this case,
channels are divided into (1) channels directed to an outer
sphere S from the Tx antenna array, (2) channels with
radiated electric fields experiencing reflection or refraction
from a reflector, and (3) channels with electric fields that
form signals of the Rx antenna array.

The present invention is intended to design an antenna
virtualization matrix that enables transmission of a maxi-
mum amount of information, centering on the channels
directed to the outer sphere S from the Tx antenna array. For
this purpose, information about the channels directed to the
outer sphere S from the Tx antenna array, that is, the
radiation pattern of each antenna port measured in consid-
eration of antenna coupling. It is assumed that the radiation
pattern of each antenna port is given based on pre-measure-
ment. Particularly, FIG. 2 illustrates a channel analysis
model according to the present invention. It is assumed in
FIG. 2 that a huge number of Rx antennas are placed at
uniformly sampled points on the sphere S in order to analyze
channel capacity.

With reference to FIGS. 1 and 2, channels will be ana-
lyzed theoretically in the present invention.

On the assumption of a Tx antenna array exists inside the
sphere V, an electric field E(r) that the Tx antennas create in
the sphere S is expressed as [Equation 1] by a Green
function.

E(y=iouf G\ ()dr

where o is a carrier frequency and p is the permeability
of a transmission medium. Even though a plurality of Tx
antenna arrays exist inside the sphere V, all related current
distributions are represented as J(r). It is also assumed that
an overall transmission system is restricted to power con-
sumption at or below level P.

A) Singular Value Decomposition (SVD) in Spherical
Coordinate System

If Tx antenna channels are focused on as described above,
SVD may be performed in a spherical coordinate system in
a similar manner to for Multiple Input Multiple Output
(MIMO). Orthogonal bases for SVD are given as [Equation
2].

[Equation 1]

U1 () =V xrhD(kr),,,. (6, §), [Equation 2]

Upa (1) = %V XV X D (kr) Y, (6, 9),
Vit (1) = V X1, (k1) Yom (0, @),

Vo2 (r) = %V XV X1, (k)Y (6, $).

In [Equation 2], it is assumed that {U,,,,} orthogonalizes
the sphere of a receiver and {V,,,,} orthogonalizes the
sphere of a transmitter. Based on the assumption, the Green
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function that relates currents to radiated electric fields is
expressed as [Equation 3] using singular values o,,.

o [Equation 3]
Glr, )= ik apuprWi(7), re s,y eV,
=1

where u,, and v, are normalized bases of the orthogonal
bases. A current distribution inside the sphere may be
decomposed as [Equation 4] using the normalized bases.

o [Equation 4]
NOEDIRARE

p=1

Finally, the electric fields are represented as [Equation 5]
using a conventional transform equation.

[Equation 5]

E(r) = —wﬂkzz ap p/up(r)fv r)-v /(r)dr

p=1p/=1

= —r]kzz apdpup(r), r €8,
=1

One thing to note herein is that if information about
radiated electric fields is given, J,, may be obtained reversely
using o, and constants. This property may be applied to
antenna virtualization.

B) Channel Input

The following description is given with the appreciation
that there are K Tx antennas. A channel input is given as
x=[%,, . .., X]%. If the channel input is all 1s, the resulting
current signals are defined as J (1), , J(1). Coupling
between antennas is already reflected in the signals. The
afore-defined current distribution is eventually expressed as
[Equation 6].

J(r) =

i

K [Equation 6]
x;J;(r).
=1

If constant coefficients obtained from SVD of J,(1), . . .,
J(r) in [Equation 6] are w,=[J,;, . . ., J,,7%, an antenna
virtualization matrix may be designed using w=[w, . . .
Wx|. Herein, M is related to the used channels. While M i 1s
decomposed into an infinite number of channels by SVD, it
is assumed that M is a given value based on measurements
in the present invention.

C) Method for Forming Matrix W

A matrix W may be calculated using the above-described
radiation pattern. Specifically, 1) it is assumed that a radia-
tion pattern achieved by inputting a known signal (e.g.,
x,=1) only to one port and inputting no signal to the other
ports is given (E,(r)). ii)) An orthogonalization method
described as [Equation 7] is used for w,. iii)) W, . . . , W may
be calculated in the same manner and thus it is possible to
calculate the matrix W finally.

g 1 fE() - () d0 [Equation 7]
e, J,
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6
D) Channel Capacity of Tx Channels

Before analyzing channel capacity, radiation resistance is
defined as [Equation 8].

T, [Equation 8]
Rrad,p = R_V’

where T, is given by

[Equation 9]

TR [ .
= g |akRy) + kRy) =
2n +1
S I RO LRD] P =13,
B r]sz%, n+l |, 2
To) = ~ 4 VonoT |2 kR + fkRy) ~
2n—

1
s tkRy Y l(ka] [/n(km +

kRy

2 2n+3 .
Jur1kRy) - W/n(kRV)/nJrl(kRV) ,p=24 ...,
v

where j,(¢) represents a spherical Bessel function, satis-

fying

-

This may be plotted as a graph illustrated in FIG. 3. FIG. 3
illustrates radiation resistance values.

Referring to FIG. 3, reference numeral [2] denotes
degree-of-freedom gains which are limited as an eigven-
value sz decreases. Herein, o, is proportional to R, , "
Reference numeral [3] denotes infinite degree-of-freedom
gains achievable irrespective of decreased values of R,
This is because each subchannel can be used with the same
performance under the condition of limited power irrespec-
tive of a decreasing radiation resistance value. A simple
description will be given based on circuit-domain reasoning.

FIG. 4 illustrates a simplified circuit equivalent to a
transmitter using a polarimetric antenna. Channels analyzed
in the present invention may be regarded as channels trans-
ferring power from current. A current 1, and a radiation
resistance R, , are given to each subchannel. If power is
limited to the same level P, it is possible to transmit the same
power by increasing the magnitude of current even though
the radiation resistance is low. That is, channels can be used
with the same performance.

It is possible to configure T=diag{T,, . . ., T,,} by
[Equation 9]. Eventually, the channel capacity converges to

[Equation 10]

[e4
co Wiogllx + 5 W TWK|

max
Kt W*TWK)=P

where K is a covariance matrix of an input signal, N, is
a noise power density. W is the bandwidth of a channel, and
a is a normalized density of Rx antennas. If
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P
WTWK = — Iy,
K

the channel capacity is maximized. If w,, . . . , Wy are
linearly independent, that is, antennas have different radia-
tion patterns, W is a full-rank matrix and T is full-rank.
Therefore, W*TW becomes a matrix that allows inverse
transformation. That is, when

P —1
K=—WTw)?!,
K

the channel capacity is optimized.
It is noted from the theoretical analysis that if

P —1
K=—(WTw)!,
K

the amount of information transmitted by the transmitter is
maximized. If the same power is assigned to each stream,
antenna virtualization is performed in the following order of
Step 1 through Step 4. For the antenna virtualization, the
following parameters are used:
Number of modes for antennas to be extended: M
Number of polarimetric antennas: K
Radius of the space (sphere) v limiting the size of the
polarimetric antennas: R,
Radius of the space (sphere) S in which a radiation pattern
is measured: R¢
Set of measured radiation patterns: {E,(r)}
Vector field that orthogonalizes the sphere Rg: u,,(r)
Parameter related to propagation: M=120x, and k is the
number of waves.
Step 1: create

Ju k1
wel : .

VYN Y]
(M 2 K)

using [Equation 11] that describes a radiation pattern given
for each antenna port.

; [Equation 11]

i = _nkzo'p ﬁE;(r)-up(r)dQ,

i=1,... .K.p=1,... , M.

Step 2: For the given M, T is calculated (T, satisfies
[Equation 8]).

Step 3: U and A are derived by SVD (W*TW)~
1=UAU¥).

Step 4: A signal is transmitted by matrix-multiplication of
an antenna virtualization matrix V=UA behind stream sig-
nals.

The receiver may receive a signal by V* based on the
reciprocity of antennas.

The embodiments of the present invention described
above are combinations of elements and features of the
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present invention. The elements or features may be consid-
ered selective unless otherwise mentioned. Each element or
feature may be practiced without being combined with other
elements or features. Further, an embodiment of the present
invention may be constructed by combining parts of the
elements and/or features. Operation orders described in
embodiments of the present invention may be rearranged.
Some constructions of any one embodiment may be
included in another embodiment and may be replaced with
corresponding constructions of another embodiment. It is
obvious to those skilled in the art that claims that are not
explicitly cited in each other in the appended claims may be
presented in combination as an embodiment of the present
invention or included as a new claim by a subsequent
amendment after the application is filed.

The embodiments of the present invention may be
achieved by various means, for example, hardware, firm-
ware, software, or a combination thereof. In a hardware
configuration, the methods according to exemplary embodi-
ments of the present invention may be achieved by one or
more Application Specific Integrated Circuits (ASICs),
Digital Signal Processors (DSPs), Digital Signal Processing
Devices (DSPDs), Programmable Logic Devices (PLDs),
Field Programmable Gate Arrays (FPGAs), processors, con-
trollers, microcontrollers, microprocessors, etc.

In a firmware or software configuration, an embodiment
of the present invention may be implemented in the form of
a module, a procedure, a function, etc. Software code may
be stored in a memory unit and executed by a processor. The
memory unit is located at the interior or exterior of the
processor and may transmit and receive data to and from the
processor via various known means.

Those skilled in the art will appreciate that the present
invention may be carried out in other specific ways than
those set forth herein without departing from the spirit and
essential characteristics of the present invention. The above
embodiments are therefore to be construed in all aspects as
illustrative and not restrictive. The scope of the invention
should be determined by the appended claims and their legal
equivalents, not by the above description, and all changes
coming within the meaning and equivalency range of the
appended claims are intended to be embraced therein.

MODE FOR INVENTION

Various embodiments have been described in the best
mode for carrying out the invention.

INDUSTRIAL APPLICABILITY

The method and apparatus for performing antenna virtu-
alization using a polarimetric antenna in a wireless commu-
nication system according to the present invention are
applicable to various wireless communication systems.

The invention claimed is:

1. A method for transmitting a signal using a polarimetric
antenna to a reception apparatus at a transmission apparatus
in a wireless communication system, the method compris-
ing:

generating a first matrix using a radiation pattern of the

polarimetric antenna;

calculating a second matrix that maximizes channel

capacity;

determining an antenna virtualization matrix by Singular

Value Decomposition (SVD) based on the first and
second matrices; and
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transmitting a signal to the reception apparatus using the
antenna virtualization matrix.

2. The method according to claim 1, wherein the first
matrix is

(M=K) and J,, is determined by [Equation A],

tion A

ey f E()-us(ndQ, (Bauation Al
nk2o, Jy 4

i=1,... ,K,

p=1 .., M

where =120 =, k is the number of waves, o, is a singular
value, {E,(r)} is a set of measured radiation patterns, and
u,(r) is a vector field that orthogonalizes a channel sphere S
of the transmission apparatus.

3. The method according to claim 2, wherein the second
matrix is T=diag{T,, ..., T,,} determined by [Equation B],

nk? R%/ [Equation B]

4
2n+1

.
——— -1 (kRy) ju (kR =1,3,...
e I (R R| =15,

[ Ry ) + kRy) -

n+1
2n+1

_ T]sz%/ {

7] (-2 tkRy) + oy (kRy) =

2n—-1 . X
W/rﬁZ(kRV)/nfl(kRV)] +

T2 2
m[.}n(kRV) + Jue1 (kRy ) —
2n+3

T R fr (R} p =24,

where j,(*) is a spherical Bessel function satisfying

Sz

4. The method according to claim 3, wherein the channel
capacity converges according to [Equation CJ,

[Equation C]

[0 max

a
Wlog|lx + —— W*TWK|
Ktr(W*TWK)<P g|K NoW |

where K is a covariance matrix of an input signal, N, is a
noise power density, W is a bandwidth of a channel, and o
is a normalized density of reception antennas.

5. The method according to claim 3, wherein the deter-
mination of an antenna virtualization matrix (V=UA) com-
prises determining the antenna virtualization matrix by
performing SVD by [Equation D],

(W) =UAU* [Equation D].
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6. A transmission apparatus for transmitting a signal using
a polarimetric antenna to a reception apparatus in a wireless
communication system, the transmission apparatus compris-
ing:

a processor configured to generate a first matrix using a
radiation pattern of the polarimetric antenna, to calcu-
late a second matrix that maximizes channel capacity,
and to determine an antenna virtualization matrix by
Singular Value Decomposition (SVD) based on the first
and second matrices; and

a transmission module configured to transmit a signal to
the reception apparatus using the antenna virtualization
matrix.

7. The transmission apparatus according to claim 6,
wherein the first matrix is

Ju Jk1
wel : .

S oo Tk
(M 2 K)

and I, is determined by [Equation A],

1 tion A
Iy == [ B0, [Eauacion Al
nk op Jdy

i=1,... . K,p=1,... ,M.

where =120, k is the number of waves, g, is a singular
value, {E,(r)} is a set of measured radiation patterns, and
u,(1) is a vector field that orthogonalizes a channel sphere S
of the transmission apparatus.

8. The transmission apparatus according to claim 7,
wherein the second matrix is T=diag{T,, . . . , T,,} deter-
mined by [Equation B],

kR .
= L1 Ry ) + JokRy) =
2n+1 . X
W/nfl(kRv)/n(kRv)], p=13 ..,
B r]sz%,{ n+1
RS

[Equation B]

L2 kRy) + 2 (kRy) -

2n—

1
———— 2 kRy ) j 1 (KR
Ry Jn=2(kRY) 1 v)] +

3 UntRy) + oy (kR
2n+3

W/n(kRv)Jml(kRv)]}a p=24 .,

where j,(*) is a spherical Bessel function satisfying

Sl

9. The transmission apparatus according to claim 8,
wherein the channel capacity converges according to [Equa-
tion CJ,
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o .
Co  max  Wiogllx + 1o W TWK] [Equation C]
Ktr(W*TWK)<P NoW

where K is a covariance matrix of an input signal, N, is a
noise power density, W is a bandwidth of a channel, and o
is a normalized density of reception antennas.

10. The method according to claim 8, wherein the pro-
cessor determines the antenna virtualization matrix (V=UA) 10
by performing SVD by [Equation D],

(WTW) =UAU* [Equation D].
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